Climate change may bring more frequent and severe floods which will heighten public health problems, including an increased risk of infectious diarrhea in susceptible populations. Affected by heavy rainfall and an El Niño event, a destructive flood occurred in Anhui province, China on 18th June 2016. This study investigates the impact of this severe flood on infectious diarrhea at both city-level and provincial level, and further to identify modifying factor. We obtained information on infectious diarrheal cases during 2013-2017 from the National Disease Surveillance System. An interrupted time-series design was used to estimate effects of the flood event on diarrhea in 16 cities. Then we applied a meta-analysis to estimate the area-level pooled effects of the flood in both flooded areas and non-flooded areas. Finally, a meta-regression was applied to determine whether proximity to flood was a predictor of city-level risks. Stratified analyses by gender and age group were also conducted for flooded areas. A significant increase in infectious diarrhea risk (RR = 1.11, 95% CI: 1.01, 1.23) after the flood event was found in flooded area with variation in risks across cities, while there was no increase in nonflooded areas. Diarrheal risks post-flood was progressively higher in cities with greater proximity to the Yangtze River. Children aged 5-14 were at highest risk of diarrhea post-flood in the flooded areas. Our study provides strong evidence that the 2016 severe flood significantly increased infectious diarrheal risk in exposed populations. Local public health agencies are advised to develop intervention programs to prevent and control infectious diarrhea risk when a major flood occurs, especially in areas close to water bodies and among vulnerable populations.
Introduction
Flood events are the most frequent and destructive natural disasters globally, and accounts for almost half of all natural disasters in the past ten years (Guha-Sapir et al., 2016) . The frequency and intensity of floods are projected to increase under climate change scenarios due to extreme precipitation events and rising sea levels (Hirabayashi et al., 2013; IPCC, 2014) . China is currently one of the most flood-prone countries in the world (Guha-Sapir et al., 2016) and expected to experience larger changes than the global average in its climate this century (Lim et al., 2012) . Affected by El Niño, continuous heavy rainfall brought about a severe flood in June 2016 in the Yangtze River Basin. It was the largest flood since 1998 in this region, and it affected many provinces in the central and southern parts of China. In the worsthit Anhui province, this flood affected 12.82 million people causing a direct economic loss of 8.25 billion US dollars (Anhui Meteorology Administration, 2017) .
Floods have the potential to cause substantial health losses, including mortality, injuries, mental health problems, non-communicable diseases, vector-borne diseases and water-borne diseases (Alderman et al., 2012) . The IPCC (2014) stated that the health risks associated with flood events are important issues and more evidences are required on the non-fatal health impacts attributable to flooding. Diarrhea is a health outcome sensitive to floods, and it remains a major public health concerns around the world, especially in low-and middle-income countries. The World Health Organization (WHO) estimated that four hundred million diarrheal cases occur annually and led to 1.31 million deaths globally in 2015 (Troeger et al., 2017) . In China, there were about 393 million diarrhea cases and this led to a disease burden of 979 thousand Disability-Adjusted Life Years (DALYs) in 2017, and diseases burden of diarrhea in China is much heavier than most developed countries due to the large population according to the recent Global Burden of Disease study (Global Burden of Disease, 2018) . Thus, better understanding of the relationship between floods and infectious diarrhea is critical to reduce the disease burden associated with these extreme weather events.
Evidences on the relationship between floods and diarrhea are not always consistent, although a predominant trend for positive relationship can be observed. Some previous studies suggested higher diarrheal risks during flood period compared to non-flooded period (Harris et al., 2008; Schwartz et al., 2006) , and higher risks in flood-affected groups versus unaffected groups (Ding et al., 2013; Kondo et al., 2002; Wade et al., 2004) . However, there are also studies that detected no increase in diarrheal risk in the aftermath of floods (Joshi et al., 2011; Milojevic et al., 2012; Zhang et al., 2016b) . In China, Ding et al. (2013) , X. Liu et al. (2016) and Zhang et al. (2016a) reported that floods increase the risks of diarrhea in some specific cities, while another study found that the risk of other infectious diarrhea was not significantly associated with a flood in Qingdao, China. This indicates that the health risks of floods are context-specific and vary across regions due to various environmental, socioeconomic factors and also the magnitude of floods in question (Brown and Murray, 2014) , but most of the evidences to date from China were based on just one or two cities with small sample size, and lacked of baseline health data (Ding et al., 2013; X. Liu et al. 2016; Zhang et al., 2016a) . Although there was a recent provincial-level study conducted in Hunan province in China (Liu et al., 2018) , it only considered a temporal comparison of floods periods and non-flood periods, but lacked a control group in nonflooded areas. Additionally, the 2016 flood assessed in the current study is the severest flood in the past few decades in China, and the impacts of this major event on diarrhea disease still remains unclear.
The aim of this study, therefore, is to quantitatively examine the impact of the 2016 severe flood event on infectious diarrhea risk at both city-and provincial level applying an interrupted time series design with a control series in Anhui province, China. The results will improve the evidence-base of the relationships between floods and infectious diarrhea, and can inform the development of strategies to reduce the risk of flood-related infectious diarrhea during future events.
Methods

Study area
Anhui province is located in the eastern part of mainland China (Fig. 1) , and has a total area of 140,100 km 2 , including 16 prefecturelevel cities and a total population of 62.5 million in 2017. Situated in the lower reaches of the Yangtze River, Anhui province has a warm temperate and subtropical climate. It experiences abundant heavy rainfall in the summer, which is named the plum rain season, accounting for 40-60% of the annual rainfall.
Anhui province had suffered from a catastrophic flood disaster in 2016. During the plum rain season (starting from 18 June), the cumulative precipitation of Yangtze River basin was 700 mm, with at least 20 continuous rainy days (Anhui Meteorology Administration, 2017) . As a consequence of the abundant precipitation during the plum rain season, the Yangtze River basin suffered from China's severest flood since 1998 (Ministry of Water Resources of China, 2016) . This flood affected 11 cities in Anhui province, 12.8 million people were exposed, 34 people were killed, 1120 thousand hectare crop area was destroyed, and the direct economic loss was estimated to be 8.25 billion US dollars (Anhui Meteorology Administration, 2017) .
For this study, "the 2016 severe flood" refers to the flood occurring on 18th June 2016. The flooded areas consist of 11 affected cities (Huainan, Chuzhou, Hefei, Maanshan, Wuhu, Tongling, Luan, Anqing, Chizhou, Huangshan and Xuancheng) while the non-flooded area is represented as by 5 other cities in Anhui province (Suzhou, Huaibei, Bozhou, Fuyang, Bengbu) . In this study, the 3 years before the flood onset date (18th June 2013 to 17th June 2016) were selected as the "before flood period" to allow robust characterization of intra-annual seasonal patterns and pre-existing trends in diarrheal incidence. There was no severe flood event during the 3 years before the 2016 flood (Anhui Meteorology Administration, 2017). The "during flood period" is signified as 18th June 2016 to 31st August 2016 and the "after flood period" refers to the 1 year period after the flood (1st September 2016 to 31st August 2017) (Anhui Meteorology Administration, 2017).
Data
Anonymised information on individual infectious diarrhea cases was obtained from the National Disease Surveillance System (NDSS) for the period 18th June 2013 to 31st August 2017 with the approval of the Anhui Provincial Center for Disease Control and Prevention. We aggregated the individual infectious diarrhea data into weekly counts for statistical analyses. Weekly counts were created to provide a sufficient number of cases at each unit of time and to remove strong day-of-week effects. According to China's NDSS, infectious diarrhea is a group of human intestinal infectious diseases that are mainly caused by microbes (including bacteria, parasites and viruses) and have diarrhea as the typical symptom, including dysentery, cholera, typhoid, paratyphoid and other infectious diarrhea. In our study, all infectious diarrhea cases were diagnosed by clinical symptoms as well as by serological test confirmation. According to the National Communicable Diseases Control Act, doctors in hospitals or clinics must report each infectious diarrheal case to local health departments, and then local health departments must report these cases to the higher levels of the system within 24 h. Thus, the degree of compliance of disease notification over our study period should be consistent. Demographic information of individuals cases was also captured from NDSS, including age, gender, type of diarrheal disease, date of disease onset and the administrative division codes of residential address. The administrative division codes were used to assign each individual's home address to the specific city in the city-stratified analysis.
We also retrieved the annual population data from the Statistical Yearbook of Anhui Province (http://www.ahtjj.gov.cn/) to allow for standardization and comparability.
Statistical analysis
We considered two references groups in this study: one reference group was before-flood period and the other was non-flooded areas. Data analysis consisted of two stages. Firstly, we applied an interrupted time-series (ITS) method to examine the influence of the flood event on weekly infectious diarrheal risk (compared to that in before flood period) in 16 cities in Anhui province. Secondly, a random-effect metaanalysis was used to estimate the pooled effect of the flood on infectious diarrhea across cities separately for flooded areas and non-flooded areas. A meta-regression was then applied to explore the degree to which distance to Yangtze River predicted the magnitude of the postflood diarrheal risks across the 16 flooded cities.
In the first stage, an interrupted time-series regression analysis with quasi-Poisson family was applied to examine the impact of flood on diarrheal risk in each city. Gender and age-group stratified analyses for flooded areas were also conducted to identify vulnerable subgroups. The interrupted time-series design is considered as the strongest quasiexperimental method for evaluating longitudinal effects of unplanned events at the population-level (Bernal et al., 2017; Phung et al., 2017; Wagner et al., 2002) . The interrupted time point was defined as the onset date of the flood (18th June 2016). We used a generalized liner model with a quasi-Poisson distribution to account for over-dispersion. Weekly counts of infectious diarrhea were selected as dependent variable and an indicator term for flood is independent variable. Population was included as an offset variable to convert the weekly infectious diarrhea counts into a rate and allow to adjust for potential changes in the population over time (Bernal et al., 2017) . A Fourier terms were introduced in this model to adjust for seasonality of infectious diarrhea incidence, and we applied a linear term for long term trend (Bernal et al., 2017; Wagner et al., 2002) . To control for autocorrelation, the first-order weekly lagged term of residuals was included in the model.
Eq. (1) summarises the model fitted:
where, E(Y t ) is the expected weekly infectious diarrheal counts at time t ; time t is a continuous variable indicating time in weeks of year at time t from the start of the observation period; flood t is a dummy variable indicating the before-flood period (coded 0) and the after-flood period (coded 1). In this model, β 0 is the intercept; β 1 can be interpreted as the change in infectious diarrheal risk associated with one week increase representing the underlying before-flood trend; β 2 estimates the change in the weekly infectious diarrheal risk immediately after t weeks following the flood onset date, which can therefore be described as the before-after change. The before-after change represents the differences between the weekly diarrheal risk in the before flood period and after the flood period and so represents the effects of the flood on infectious diarrhea. In this study, lag effects were not characterized because we aimed to explore the total effects of the 2016 severe flood across the full one year after the flood event.
Meta-analysis methods have been used to evaluate the pooled effects of the results from multiple events and multiple areas in the previous studies (Milojevic et al., 2012; Phung et al., 2016) . Thus, in the second stage, we used meta-analysis to generate the pooled estimates of the before-after change on infectious diarrhea of this 2016 severe flood in flooded areas and non-flooded areas based on the city-specific results considering the cities' heterogeneity. The impact of the flood may vary across cities due to the variation in demographic, socio-economic and other factors, resulting in heterogeneity of findings. So a random-effect meta-analysis was used based on the coefficient of inconsistency (I  2 ) which describe the percentage of heterogeneity across cities and tested by using Cochran's Q χ 2 test.
A risk map of infectious diarrhea in Anhui province was also visualized according to the results of the ITS analysis of each city using ArcMap 10.2. Based on the pattern of the RRs distribution on the risk map, we applied meta-regression to explore if the distance to the Yangtze River affected the risk estimates across cities in Anhui province post-flood. For this, we extracted the centroid points of each city and calculated the nearest distance from the centroid points of each city to the Yangtze River in ArcMap 10.2 (see Supplementary Table 1a) , and then we used meta-regression to explore whether the distance to Yangtze River of each city associated with the estimated diarrheal risks of these cities.
We chose 0.05 (two-sided) as our statistical significance level. Analyses were conducted using "tsModel", "lmtest", "Epi" "spline" and "meta" package in R v3.4.4. N. Zhang, et al. Environment International 127 (2019) 801-809 
Sensitivity analysis
Sensitivity analyses were conducted by adding an interaction term between time and flood (slope change) to the main model to explore any slope changes and also to test the robustness of our findings. The results of sensitivity analyses remain similar to the main model (Supplementary Table 2 ). Results also indicated that slope change term is non-significant, so it is not included in the main model. In addition, the residual plots and partial autocorrelation function (PACF) plots of the deviance residuals of the main model are shown in Supplementary  Fig. 1 to inform model fit.
Results
Overall, 274,621 infectious diarrheal cases from flooded areas and 129,356 cases from non-flooded areas were identified during our study period. Descriptive statistics of infectious diarrhea in these two areas are shown in Fig. 2 and Table 1. Fig. 2 shows there was a higher weekly infectious diarrhea rate in flooded areas compared to that in nonflooded areas. The rate of flooded areas increased when the flood occurred while that of non-flooded areas was relatively stable. Seasonality in the weekly infectious diarrhea rate was apparent in the both areas, usually peaking in summer and autumn, then gradually reducing. Table 1 gives the case counts, rates, rate ratios (infectious diarrhea rate of flooded area divided by that of non-flooded area in the same time period) and ratios of rate ratios (rate ratios in the during-flood/ after-flood periods compared with that in the before-flood period) of infectious diarrhea onset in different subgroups in the different periods. Regardless of time periods, the rates were particularly high in children under 5 years among all age groups. In the after-flood period, the rate of infectious diarrhea in children under 5 years was nearly 20 times greater than that of 15-44 year olds. Across all age combined, the rate ratio increased in total, with 1.49 before the flood, 1.61 during the flood and 1.83 after the flood, leading to a ratios of rate ratios of 1.08 during-and 1.22 after the flood. More specific, the ratio of rate ratios was found to increase after the flood in almost all subgroups except children under-5 and those aged 15-44. The ratio of rate ratios after the flood was highest in children aged 5-14, increasing from 1.29 to 1.85. Fig. 3 shows the results of the ITS analysis conducted in the whole flooded areas (RR = 1.147, 95% CI: 1.077, 1.222) and in the nonflooded areas (RR = 1.028, 95% CI: 0.968, 1.091). A raised diarrheal risk was only found in the flooded areas, so the age-and gender-stratified analyses were only conducted in this area. Table 2 presents the stratified analyses of cases in flooded areas. Gender-stratified analysis suggested that both females (RR = 1.175, 95% CI: 1.072, 1.287) and males (RR = 1.146, 95% CI: 1.072, 1.224) have increased diarrheal risks post-flood in flooded areas. As for age stratified analyses, the increased risks were significantly higher in all age groups, with 16.6%, 14.4%, 15.8% and 8.4% increases in children under-5, 15-44, 45-64 and those older than 65 age groups, respectively. Those aged 5-14 demonstrated the highest risk, with a 29.5% increase (RR = 1.295, 95% CI: 1.123, 1.562) in the aftermath of the flood.
The city-stratified analyses show that the infectious diarrheal risk varied across cities post-flood. A significant rise of diarrheal risk was found in Xuancheng, Anqing, Chizhou, Hefei, and Maanshan, where increases of 46.0%, 38.7%, 19.8%, 13.3% and 12.3% were observed post-flood, respectively. A risk map (Fig. 4) based on the RRs of cities in flooded areas was determined. This conveys that cities located along the Yangzi River were generally at higher risk than those far away from the river after the flood. The results of the meta-regression quantified the negative association between the distance to Yangtze River and diarrheal risks post-flood (β = −0.09, P value = 0.01). The results indicated that one hundred kilometer decrease in the distance to the Yangtze river corresponds to increase 0.09 units in the terms of the average log relative risk of diarrhea post-flood.
To account for cities' heterogeneity, a random effects meta-analysis model was applied. Fig. 5 shows that the pooled estimates of the beforeafter change in infectious diarrheal risk at area-level, indicating that there was a significant 11% increase (RR = 1.11, 95% CI: 1.01, 1.23) of infectious diarrheal risk following the flood in flooded areas after taking cities' heterogeneity into account, whereas there was no significant before-after change (RR = 0.98, 95% CI: 0.87, 1.11) in non-flooded a Rate ratio: infectious diarrhea rate in the before-/during-/ or after-the flood period in flooded area compared with that in non-flooded area. b Ratio of rate ratios: rate ratios in the during-/after-flood period compared with that in the before-flood period.
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Discussion
This is the first study to evaluate the health effects of the most recent devastating floods in China which affected Anhui province heavily. We conducted a province-wide analysis on the impacts of floods on infectious diarrhea at city-level and province-level applying an ITS design with a control series. Our study found a significant increase in diarrheal risk after flood at provincial level with high heterogeneity across the flooded cities, while no effect was found in non-flooded areas. The distance to the Yangtze River is found to be negatively associated with the diarrheal risk post-flood across cities. Cities near to the Yangtze River were identified as risk areas, and children aged 5-14 years old were found to be the age-group most at risk of diarrhea in flooded areas. Our findings provide more robust evidence to better understand the relationship between infectious diarrhea and floods in China.
The positive association between flood and diarrhea examined in this study is consistent with findings reported in many previous studies. A systematic review reported that 76% of articles found a positive relationship between flood and diarrhea (Levy et al., 2016) . The positive association was detected in both developed (Brown and Murray, 2014; Marcheggiani et al., 2010; Schnitzler et al., 2007; Wade et al., 2004) and developing countries (Harris et al., 2008; Hashizume et al., 2008; Liu et al., 2018) . Although the dominant pattern of this relationship was positive, some studies also reported no association between them. As an illustration of this, studies conducted in two cities in Anhui province, Hunan province found a positive association between flood and diarrhea (Ding et al., 2013; X. Liu et al. 2016 ) while another study in Qingdao found that there was no relationship between them . Both positive and non-significant association were observed in our city-stratified analyses, e.g., a positive association between diarrheal risk and flood was found in Hefei, Maanshan and Anqing while there was no association in Huainan Huangshan and Luan. Variation in effects may be due to different flood magnitude, population vulnerability, health care service and the levels of economic development in the affected areas (Brown and Murray, 2014; Lowe et al., 2013) . However, a significant overall increase of diarrheal risk post-flood was found after considering the heterogeneity across cities in Anhui province, which is consistent with findings from a provincial wide analysis from Hunan, China (Liu et al., 2018) .
The underlying mechanism of flood events increasing diarrhea risk may be that floodwater can mobilize pathogens from excreta in soil and transport them into surface water, and precipitation may also cause the pathogens resuspension in sediment or in soils and lower the quality of groundwater (Levy et al., 2016) . Inundated floodwaters could also damage water supply and sewage disposal systems (WHO Regional Office for Europe, 2013). Thus, floods may cause deterioration in the water quality thereby exposing humans to contaminated water with infectious agents causing diarrhea. Moreover, risk factors such as direct contact with flood water (Schnitzler et al., 2007) , exposure to food contaminated by flood, overcrowding during-and post-flood resettlement (Wakuma Abaya et al., 2009 ) and limited availability and access to healthcare services could also give rise to the increased diarrheal risk after flood occurrence.
Our study found that the distance to Yangtze River is negatively associated with diarrheal risk, with larger effects of flood on diarrhea in cities along the Yangtze River than those far away from the river. A similar finding was observed in a study conducted in Mexico (JimenezSastre et al., 2012) . In our cases, the reasons for this finding may be include the fact that the topography of cities near the Yangtze River is dominated by plain, which may prevent the flood from receding, and the depth of floodwater in cities near the river were deeper than those far away from it. A previous study showed that there was a significant increase in risk of gastroenteritis with depth of flooding (RR = 1.7, P Fig. 3 . Before-after change on infectious diarrhea risk of ITS model in flooded area (a); and in non-flooded area (b).
Table 2
Relative risk (RR) and 95% confidence interval (95% CI) for before-after change of infectious diarrheal risk post-flood in flooded area by subgroups. Zhang, et al. Environment International 127 (2019) 801-809 for trend by flood depth = 0.04) (Reacher et al., 2004) . A larger and deeper floodwater could lead to the poorer sanitation and hygiene, which can provide a suitable environment for infectious diarrheal pathogens to mobilize and spread. In particular, one plausible explanation of the extremely high risk in Xuancheng and Anqing is the close distance to the Yangtze river, and their less developed economy (Anhui Statistics Bureau, 2017). Liu et al. (2018) found that the effect of floods on infectious diarrhea was significantly higher in low economic settings compared to other regions in Hunan, China. Cities with higher economic levels may prepare more adequately in emergency response as well as better public health infrastructure and healthcare systems.
As for gender stratified analysis, the diarrheal risks of both men and women were found to rise after the flood and the risk for women was slightly higher. One explanation may be that women report more psychological symptoms (such as depression and anxiety) than men after extreme weather events (Bell et al., 2016; Lowe et al., 2013) , and responsibilities of taking care of children and the elderly members of the family often falls on them. Psychological stress and fatigue caused by such heavy responsibilities may contribute to body function and immunity decline, which in turn may lead to higher susceptibility to infections.
Our study identified that children aged under 5 had the highest rates of diarrhea during whole study period among all age groups. This reflects that children under 5 have the greatest risks to gastrointestinal pathogens and are the most susceptible to diarrheal diseases, which is consistent with existing evidences (Carlton et al., 2012; Lim et al., 2012; World Health Organization, 2017) . However, their relative risk after the flood did not increase as much as those aged 5-14 in our study. Reasons may be that those under 5 are preschool children who would have been well sheltered by their parents when the flood occurred, thus minimizing their expose to flood-contaminated water and food. Moreover, the intervention measures provided by local authorities would give highest priority to them, including measures such as providing access to clean bottled water and handwashing with soap, which are both proven to reduce risk (27%, 40% reduction respectively) of diarrhea in children under 5 years (Darvesh et al., 2017) .
All age-groups were found to be affected by this severe flood on diarrhea, and children aged 5-14 years old were the most affected by this flood with a 29.5% increase of diarrheal risk post-flood. There is no consistent evidence of which age groups are at highest diarrheal risk N. Zhang, et al. Environment International 127 (2019) 801-809 increase in the aftermath of floods from previous studies. Children younger than 5 years were found to have higher risk of gastrointestinal symptoms after floods in some studies (Ding et al., 2013; Wade et al., 2004) while another study found that the effect of floods on dysentery increased significantly only among those aged 15-64 in China (Z.D. Liu et al. 2016) . In contrast to those under 5 years, children aged 5-14 are school age children who may be separated from their parents or caregivers at the time of flood and have a wider range of activities than those under 5, which may heighten their exposure to floodwater and diarrheal pathogens. Furthermore, if alone they may not have adequate agency to respond to floods or to seek help if faced with a stressful event (WHO Regional Office for Europe, 2013), so there exists higher potential for them to be infected by a mass of pathogens which may increase the risk of gastrointestinal illnesses (Lowe et al., 2013; Wade et al., 2004) . Moreover, their immature immune system may also contribute to the highest risk on diarrhea following the flood compared to adults. Age-stratified analysis also indicate that people aged 15-64 years old were at higher infectious diarrheal risk than those aged > 65 years. This may be because they took active part in relief work and engaged in the post-disaster reconstruction work more than the elderly. The future health burden of infectious diseases may rise due to the increasing frequency and intensity of floods in a changing climate. It is reported that climate change is projected to delay China's progress towards reducing diarrhea and other water sanitation and hygiene (WASH)-attributable infectious disease burdens by 8-85 months by 2030 (Hodges et al., 2014) , thus it is important for Chinese officials and the public to cope with infectious diarrhea. This study suggests that public health authorities should promote awareness about the dangers of infectious diarrhea when a flood occurs. More interventions (e.g. providing access to clean water, improving latrine infrastructure and improving the capacity of the health sector) should be provided to areas close to rivers or water bodies during and after floods. Children aged 5-14 years old should be recognized as highly vulnerable and be paid more attention and provided with better intervention measures as well, as may already be the case for children under 5 years.
Our study provides robust evidence on the causal nature of associations between flood and infectious diarrhea. The interrupted timeseries design achieved good control for pre-existing trends, which is a failing of cross-sectional study designs (X. Liu et al. 2016; Schnitzler et al., 2007; Zhang et al., 2016a) . Moreover, the sample size of our study is very large with almost 400 thousand cases from 16 cities in Anhui province. The pooled relative risk values were based on the results of 11 affected cities, which provide more power than previous studies based on one or two cities with small sample sizes (Ding et al., 2013; Z.D. Liu et al. 2016; Zhang et al., 2016b) . Furthermore, compared with a recent multi-city study using a time-stratified design with a distributed lag non-linear model (DLNM) in Hunan province (Liu et al., 2018) , we also assess 5 cities that have not been affected by the flood as a control group in our ITS design to adjust for other time-varying confounders such as concurrent events (Bernal et al., 2017) , which was proved to strengthens the design and provides more trustworthy effects (Soumerai et al., 2015) . Our observation that the risk of diarrhea was higher in cities in closer proximity to the flooded river also strengthens arguments for a causal relationship.
Several limitations of the present study should be acknowledged. First, any interventions initiated during and after the flood may have reduced the risk of some infectious diseases among the flood-affected population, but information on this was unavailable. It would be interesting to explore the effectiveness of specific interventions on health risk reductions during or after the flood in future analyses. Second, our result may under-estimate the flood effect on diarrhea since people with mild symptoms may not seek medical help, for example those live far away from hospital and other health institutions, resulting in underreporting of diarrhea cases. Third, this study is an ecological study in nature. We can only divide the flood affected group and unaffected group according to the patient's residential address, but not all individuals in the flooded area were actually exposed to floods. More precise exposure evaluation could be achieved by remote sensing monitoring and geographic information system to ascertain individual households inundated by floodwaters. Alternatively, other research designs such as community surveys could be used to determine N. Zhang, et al. Environment International 127 (2019) [801] [802] [803] [804] [805] [806] [807] [808] [809] exposure. The above limitations would all serve to dilute true flood effects and so our observed results are despite the limitations rather than because of them.
Conclusions
The 2016 severe floods significantly increased the risks of infectious diarrhea in flooded areas in Anhui province, China. Diarrheal risks postflood increased across cities as the distance to the river decreased, and children aged 5-14 years old were at higher risks of diarrhea post-flood. Our findings can help local health authorities better provide targeted and effective public health adaptation and intervention programs under the context of climate change.
